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AN AERODYNAMICASSESSMENTOF VARIOUS
MISSILE CONFIGURATIONCONCEPTS

By

M. Leroy SiJearman
NASALangley Research Center

liampton, Virginia

SUMMARY

A review of investigationsfor many missileconfigurationscoupledwith numerous
&

possiblemissionrequirementsindicatesthat some fundamentalconsiderationscan lead
to definiteareas of missile/missioncompatibility. For example,a winglessmissile
or a missilewith relativelysmallwings may take advantageof low minimumdrag and
accomplishmissionswhere fast fly-outtime is important. Such missiles,however,
are generallyfound to be satisfactoryfrom a maneuverabilitystandpointonly under
conditionsof relativelylow altitudeand/or high speed,or when nearlyballistic
fly-outpaths can be used againstessentiallynon-manueveringtargets.

For high maneuverability,an efficientliftingsurfaceis beneficialtogether
with linearstabilitycharacteristicsand high controleffectiveness. It has been
found that these criteriacarlbe met with variousdesign arrangementsthat may employ
aft tail, wing, or canardcontrolsand that, throughcarefuldesign,each of these
controltypes can result in desirablylow hinge-momentcharacteristics.

i: Wing controlmissilesmay produceerraticaerodynamicbehavior,particularlyat
angle of attack,becauseof flow field effectsinducedover the tail. However,
throughcarefuldesign,wing controlmissilesmay provideadequatemaneuverabilityat
relativelylow angles of attack for some missionswhile offeringpotentialadvantages
relatedto seekers,air inlets,and inducedflow fields.

Cruisemissileconfigurationsvary somewhatin detail but the dominantfactor is
an aerodynamicallyefficientdesign that is commensuratewith the requiredweight and
the desiredrange.

INTRODUCTION

Many tacticaland strategicmissionscan be accomplishedthroughthe use of
aerodynamicmissilesystems. These variedmissionsmay requiremissilesystemsthat
operateas surface-to-air,surface-to-surface,air-to-air,and air-to-surface,
includingboth the short-rangetacticalsystemsand long-rangecruise strategic
missile systems. A seeminglyendlessvarietyof missileconfigurationconceptsare
possiblefor use in meetingthe requirementsfor variousmissions. It is the purpose
of this paper to discuss,from an aerodynamicpoint of view, variousmissileconfigura-
tion conceptswith a view towarddeterminingthe most suitablegeometricarrangements
for the differen_ missionapplications. Many new missilesystemsare under study and
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the ow:rallobjectiveof currentNASA researchprogramsi._to detenlllnemeans whereby
missileperformancemight be improvedin terms of maneuverahility,aerodynami
effici(:ncy,aerodynamicrange,and design simplicity. Aerodynamicsyst.e,lshave
receivedtlremost attentionprimarilybecauseof the potentialfor increasedrelia-
bility and the probabilityof lowercost of the less sophisticatedaerodynamicconcepts.

NASA stuclieshave includedforeignand domesticconfigurationsin additi(mt()
general researchmodels for the purposeof assessingthe performanceof the .systems
and acquiringknowledgefor futureapplication. Specificobjectivesof the studies
are to providea backgroundof aerodynamicdata that may be used in performance
evaluation,in making varioustrade studiesbetweendifferingsystems,as a_ old in
definingmaneuverenvelopes,to aid in optimizingthe aerodynamiccharacteristics,to
improvethe loads and structureevaluationtechniques,and to providefor the con-
tinued developmentand improvementof experimentaland analyticalmissilestudy
techniques. The approachhas been throughthe use of both analyticaland wind-tunnel
studiesfrom which such characteristicsas the drag, stability,aerodynamicloads,
control surfaceloads and moments,and the controleffectivenessparametersare
determined.

Among the geometricvariablesthat have been investigatedare the afterbodyshape,
the forebodyshape, the wing and tail planformand location,the use of varioustypes
of propulsionsystems,and the use of varioustypes of controlsystemsincludingthe
aft tail, canard arrangements,and wing controls. Only some selecteditems will be
includedin this paper for discussion,althoughan extensivebibliographyof reports
coveringsome missilestudiesis includedin references1 to 67.

SYMBOLS

A maximumbody cross sectionalarea

an instantaneousnormalacceleration,g's

CD,o drau toefficientat zero lift

Ch hinge moment coefficient

CL lift coefficient

CL_ lift curve slope,per deg

Cm pitchingmoment coefficient

Cm_ pitch controleffectiveness,per deg

CN normal force coefficient

h altitude

H.M. hingemoment

M Mach number

?
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R turn radius

S wing area

W wei gi_t

xac aerodytlamic cent(_r lucation

_ pitch controldeflection

,, anule ()I'attack

DISCUSSION

Withoutdefiningany specificmission requirements,for the purposeof this
paper it will be assumedthat missionsexist that coveY'ranges from very short visual
contactdistancesto rangeson the order of hundredsof miles. In altitude,it will
be assumedthat nlissionsmay extend from sea level (and sub-sealevel)throughout
the useableatmosphereto approximately100,000feet. Some types of missilemissions
are illustratedschematicallyin figure I. The speed range consideredextendsfrom
subsonicto supersonicMach numbersof approximately5. It will be assumedthat for
some missionsvery littlemaneuveringrequirementsexist while for other missions
exceedinglyhi_jhmaneuveringcapabilityis required. As a point of reference,
figure 2 may be used to illustrate,for the case of maneuveringmissiles,the
interplaybetweenmaneuverability,speed,and turn radius for a constantaltitude.
For a constantg level,as the speed increasesthe turn radius increases,or as the
g increa.eesfor the constantspeed,the turn radius decreases. The instantaneousg
values are obtainedfor a level-flightconstant-altitudecase and is definedas being
the lift availableto the missiledividedby the lift requiredto sustainlevel
flightfor the missile. Aerodynamicfactorsof primaryimportanceto the lift

_ availableare the configurationgeometricfeaturesthat affect the abilityof the
i missile to producelift, the stabilitycharacteristics,and the controlsurface

effectiveness. Factorsof primaryimportanceto the lift requiredare the wing
i loading(or weight),the velocityof the missile,and the altitude.

_-._ ._...__.Observationsrelatedto trailine_g_9__q_ef]aapcon_trolo....... missiles.- A comparisonof
_ the maximum lift producingcapabilityof a trailingedge flap controlmissile

_i (ref. 29) and a canardcontrolmissile (ref. 24) as a functionof Mach number is shown

in figure 3. Becauseof differencesin the stabilitycharacteristicsas well as in

i_ the controleffectiveness,the liftvariationwith increasingMach number is seen to
s decrease rapidlyFor the trailingedge flap controland to generallyincreasewith
'_, increasingMach number for the canardcontrol. Only at the lowest Mach numbersdoes
_ the trailinged(jeflap missileexcel the canard controlmissilein lift producing
___ capability. A fundamentalproblemwith the trailingedge flap configurationis a loss
._. fn lift near the trailingedge with increasingMach number that is caused in part by
i:_ boundary layer growthand in part by the wing tip shock inducedseparation This loss
iZ;! in lift contributesto a loss in controleffectivenessas well as to a nonlinear
i pitch-up tendencythat limitsthe usablelift range and the usable flap deflections.

The canard configurationcharacteristicswere dictatedby a progressiveforwardmove-
:_ ment of"the c_nterof pressure(reducedstabilitylevel)with increasingMach number
:_,_- caused by the wing lift curve slope change,,and by an increasein controleffm:tiveness
_, at high lifts and high Mach numberscaused by the favorablelocal dynamicpressurei

i. 3
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field in the vicinityof the canard_urfacesas will be discussedlater. A c()mparison
of the instantaneousnormalaccelerationcapabilityof the two missiles is shown for a
Mach number of 2.4 and an altitudeof 30,000feet and for an assumedconstantweight.
As a resultof the differencesin the aerodynamiccharacteristicsof the two vehicles
the trailingedge flapmissileproduceda g value slightlyin excess of 6, whereas the
canardcontrolmissileproduceda g value of 16. It is interestingto note that this
differencein maneuveringcapabilityoccurredalthoughthe canardmissile,h,Jvinqa
smallerwing area, did have a wing loadingapproximatelytwice that of the tr(_iling
edge flap controlmissile. In addition,the hinge nlomentvalueswere reducedwith the
canard configurationby an order of magnitude. The same flap controlmissileis
comparedwith an aft tail controlmissilein figure4 where the pitchingmoment
variationas a functionof lift coefficientis shown for a Mach numberof approximately
3. Substantialimprovementsare indicatedfor the tail controlmissilein that the
pitch-upcharacteristicshave been eliminatedand the usable controleffectiveness
range considerablyextended. The effectof these aerodynamicimprovementson the
effectivemissileoperatingenvelopesfor equal propulsionis shown in figure 5. The
boundaryof altitudeversusrange indicatesthe envelopein which the missile is
consideredlethalagainsta target that is flyingat a Mach number of 3 and has a 5 g
capabilityat 35,000feet and a I g capabilityat 80,000 feet. The target performs
an evasivemaneuverwith a 10 seconddelay (shownon the left) and a 20 second
delay (shownon the right)after missilelaunch. In both instancesthe effective
operatingenvelopefor the aft tail missileis considerablyimprovedover that for
the trailingedge flap missile. For the twenty seconddelay the increasein altitude
capabilityis especiallysignificant. A point to rememberconcerningthe evasive
maneuverdelay time is that, general'lyspeaking,the longerthe delay time, the
greaterthe agility requiredfor the missilein the end-gameintercept.

Observationsrelatedto aft tail controlmissiles.- Exampleswhereinthe
stabi17ty--y--a-n_rcontroTcharacteri's-t_Tc-sof aft ta_T'_les were alteredthrough
configurationchangesare shown in figures6 and 7. For the two aft tail control
missiles shown in figure6 a change in wing planformfrom a trapez(dd(unpublished)
to a delta (ref. 33) resultedin the eliminationof a pitch-downt_,ndencyand a
substantialincreasein the maximumlift capabilityat M = 4.6. The change in
Iinearityin this instanceis apparentlyrelatedto the stabilitycontributionof the
tails. In figure 7, the linearityfor two aft tail missileswith trapezoidalwings was
improvedthrougha decreasein body length-to-diameterratio (reducingthe forebody
lift influence),and throughsome rearrangementof the wing and tail locations. Again,
the configurationwith the improvedlinearity,should provideconsiderablyimproved

maximum lift capability. I

Observationsrelatedto canardcontroland aft tail controlmissiles.- Some
resultsfrom_e"_-e-re-e'n_ce_are useYul'-i-ncomparingc-haracteristicsof canard controland
aft tail controlmissiles. The longitudinalstabilityand controlcharacteristicsfor
a canard-controlmissileare shown in figure 8 for variouscontroldeflectionsat M = 2
and 4. The canard-controleffectivenessshows so_ decreasewith increasingcontrol
deflectionand with increasing CL or (_ at the lower Mach number. Such a result is
generallyexpectedsince the controldeflectionand angle of attackare additiveand
flow separationoccurs on the canard surface. A decreasein effectivenessalso occurs

i with increasing M near _ = 00 becauseof the decreasein canard surface-liftcurve
slope. However,at the higherMach number,the effectivenessincreasessubstantially
with increasing CL or _ becauseof the changesin local surfacepressureon the

: canard surface_-increasingpressureon the compressionside and decreasingpressureon
I.

the expansionside. Reasonablygood aerodynamicpotentialis indicatedat both Mach
numbers. For a CI of 12 and a representativeweight loading W/A, of about 750 pounds



per square feet, For example, a level flight an of aboul. 30 is _btainal_l(: at. an
altitude c_f about 30,0011feet at M ;: 2 and al,_o at an altitude cd' ab()ut 50,()[1[} feet
at M ; 4. A we11-designed canard_ccmtrolled missile provides a c(mc_;pl: that, utilizes
a small l)o,_itivecontrolforce (smallsurfacearea) and take._advantag(,nf a l(m(lmoment
arm to producethe rotationmoments.

[he Iongitudinaistabilityand controlcharacteri._ticsfor an aft-tailcontrol
missileare shown i_;fig_0re!)for variouscontroldeflecti()nsat M ,_2 and 4. The
controleffectivenessat M : 2 remainsessentiallyconstantwith increasingcontrol
deflectionand increasing (1L or ,_. Since (_ and _s are opposite,in this case,
the local flow angle at the tail remainssmall. The controleffectivenessagain
decreaseswith increasing M near (_= 0° due primarilyto the decreasein tail
lift curve slope. Some decreasein effectivenessoccurs at M = 4 for an (_ range
to about 100 probablydue to a wing-wakeeffecton the tail. However,at higherangles
of attack,as the tail moves below the wing wake and enters the high local dynamic
pressurefield generatedby the compressionside of Che wing, the tail effectiveness
increasesdramatically. These resultsindicatethat, for a W/A of about 750 pounds
per squarefeet, an values in excess of 40 are potentiallyavailableat h = 30,000
feet for M = 2 and at h _ 50,000feet for M = 4. Generallyspeaking,the aft-
tail controlconceptmakes use of a relativelylarge,efficientlifting-control
surfacewith a short moment arm to producethe rotationmoments.

lhe resultsfor the canard-controlconceptand the aft-tailcontrolconcept
indicatethat both are capableof producinggood aerodynamicmaneuvering. The design
choice betweenthe two conceptsunayoften be relatedto other factorssuch as
inboard-profilearrangementor carriageand launchconstraints.

Some afterhodymodifications.- A canardcontrolmissilewith an exceptionally
high Te-r_'t-l_'tO_=_aT11ei_-e¥}"a-t_('i"8.3),reportedin reference45, exhibiteda severe
pitch-uptendencydue to the combinedeffectsof the forebodylift and the canard
surfacelift. Such a tendencywas characteristicof the Nike Ajax missile. Efforts
to alleviatethis type of instabilityhave been exploredthroughthe use of an
afterbodyflaringor fin/flarecombinations. As shown in figure 10 the additionof a
slight flare and aft fixed fins resultedin the eliminationof the unstablepitching
moment characteristicfor a constantcenter of gravity locationand resultedin a
substantialincreasein the usable lift range. The improvedstabilityand maximum
lift capabilitywould be reflectedin improvedg capabilityand enlargedeffective
operatingenvelopes.

Observationsrelatedto win__s.- A comparisonof some of the aerodynamic
characte_rTst_"csof a t.a-'__contro-TTnissil_,with and without a wing (refs33, 41, and
67), is shown in figure 11. Two obviousfeaturesof the winged missileare the
substantiallyhigher lift curve slope throughoutthe Mach number range and the smaller
variationin aerodynamiccenter locationwith Mach number. The differencesin pitch
controleffectivenessare relativelyinsignificant.The instantaneousg capability
for the winged missilewith the aft tail controlis shown in figure 12 as a function
of Mach numberof variousaltitudesand for an assumed loadingW/A of 750 pounds per
square feet. This particularmissile indicatesrelativelyhigh maneuverabilityin at
least two regionsof interest; one being the so-calleddogfightmissileregion,
where approximately40 to 50 g's are indicatednear an altitudeof about 30,000 feet,
and the other being at 4nterceptaltitudesabove 70,000feel at the higherMach
numberswhere the missilestill displayshigh g capability. An obviousfeaturefor
the winglessmissilewould be lower wlues of drag near zero lift, but this feature
must be weighedagainstthe increasein drag-due-to-liftfor the case of maneuvering

5
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flight. The winglessmi_isileshouldhe capable,however,in th()seregi()nswhere
near ballisticfly-outpaths carlbe u,;erland wh(_refast fly-outtime is important.
llighg capabilitycould be achievedat relativelylow altitudesor at relativelyhigh
speed when siflrlificantlyhigh dynamicpressur_is experienced.

lwo oth_r missilecunfigurations(resultsunpublished)are illustratedin
figure 13 and representtwo extremesin wing-bodygeometricdesign. A large volume
missilewith a relativelystllallwing and tail contrc)lwas found t_,be highlymaneuver-
able for conditionsof luw altitudeand high Mach numberand presullablyw()uldbe
well suitedfor tacticalsurface-to-surfaceor antishippingroles. Anotherpossible
missionfor such a design would be an antishippingrole for extendedrangeswhere
added range could be acquiredthroughthe use of a high-altitude,essentially
ballistic,flight path. Sufficientcontrolpower was found to be availableso that
alterationsto such a flightpath could be made for the purposeof providing
targetingaccuracygreaterthan that availablefor pure ballisticflight. The
configurationwith the extrememlylarge wing representsan attemptto providehigh
maneuveringcapabilityat extremelyhigh altitudes. Tests resultsindicatedthat t_:e
lift curve slope for this missilewas approximatelytwice that of the winged missiie
shown in figure 11 with an increasein maneuveringcapabilityparticularlyusefulat
extremelyhigh altitudesprovidedthe wing weight and drag is tolerable.

Observationsrelatedto win_ contr_lmissiles:- Some resultspublishedin
refere--n-c_e_7 a-reusefulfn _dem-onstr-a-tir_gt"h_e_aracteristics of a wing controlmissile
and in comparingthese characteristicswith a tail controlconcept (fig. 14). The
configurationin reference57 is essentiallya SparrowIll with some resultsfor the
besic designwith wing deflectionfor controlwith a fixed aft tail and some results
with tail deflectionfor controlwith the wing fixed. The pitch controleffectiveness
of the wing was considerablyless than that for the tail and was considerablymore
nonlinear. Ti_ewing control,by its nature,does producea given lift at a lower
angle of attack than does the tail controlalthoughthe accompanyingdrag is
considerablygreater. All things considered,the wing controlis inferiorto the
tail controlin producingtrim lift and normalacceleration. Whereasboth the wing
controland the tail controlwere capableof producingroll, that producedby the
wing was quite nonlinear_vithangle of attack and was also accompaniedby an induced
yaw. Both the wing and t _I controlswere capableof producingyaw althoughthe wing
was much less effective;_, Jucednonlinearitiesincludingreversalin yaw; and
producederratic inducedroll. The underlyingreasonfor the more erraticbehaviorof
the wing controlconfigurationis, of course,relatedto the flow field inducedat the
tail by the wing.

Generallyspeaking,a fundamentaldifferencebetweenwing controlsand aft tail
controls (or canardcontrols)is that the wing controlproducesa lift force near
the center of gravitythat providesmore of a translatingmotion at relativelylow
angles of attack. Either aft or forwardcontrols,on the other hand, producea lift
force at some distancefrom the centerof gravitythus ,rovidinga rotationalmotion

-i that tends to add more liftingforce from increasingangle of attack. The abilityto

! maneuver sufficientlywhile still maintaininglow angles of attack is, of course,a
_] desirableobjectivesince there would be some potentialadvantagesrelatedto seeker
_ systems,airbreathinginlet efficiency,and inducedflow field interferenceeffects.

= Some studiesof missileswith relativelysmallwing controls(ref. 43, for example)
indicatea high g capabilityat low altitudes. Longitudinalaerodynamiccharacteristics
for this conceptare shown in figure 15 for variouscontroldeflectionsat M = 1.75
and 2.50. This concept is an airbreatherwith fou. inlets in a cruciformarrangement
and uses all-movingwin!isfor pitch and yaw control. The pitch-controleffectiveness

6
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is relativelyhigh at the lowestMac)}numberbut de(;reasesvery rapidlywith increasing
Mach number and increasing ,_. The liftingcapability(d th(:win_i,of (:ourse,is
relatedto the (leomotryof the wing. An exai_ilnationof r,__sult_fQr thi_ corlfigurati_)n
indicatethat for M .=1,15 near sea levelwith a W/A -_750 l_undq per squar(;ie_t,
sufficientlift can be developedto providean an of 10 at ((_ 4(_ a_d ab(}ut
an - 21 at ,,_::9o. Increasing M to 2.5 w(}uldresu'Itin an w_luesoF about 1}_
at _ _ 40 and ,_hout3_._at ,_= gO An increasein altitudet(_ai_out40,(I0()fe{_t
reducesthe an values for M = %.75 to about 2.7 and 5,4 for ,_"-4° and gO
respectively, for M _'2.5 the an valueswould reduceto about 3.7 and 7.9 for
c_= 4o and 9o. The _ valuesof 4o and 9° used hereinwere determinedpartlyon the
basis of stabilitylevel limitationsand partlyon the need to maintainflow i_ the
air inlets. The generalconclusionfrom these comparativemeasuresof maneuver
potentialis that this conceptis well suitedto performmissionsat low altitudes
where high an values are obtainableat low anglesof attack but (:hatthis capability
deterioratesseverelyat high altitudes.

The longitudinalaerodynamiccharacteristicsfor a higheraltitudeconcept
(refs. 19 and 23) are shown in figure 16 for variouscontroldefl._ctionsat M = 4.
This concept is also an airbreatherwith an annulusinlet for ramjet propulsionand
with somewhatlargerwing controlsthan those employedon the low altitudeconcept.
The resultsindicategood stabilityand controlcharacteristicsfor (_ up to 200.
The air flow requirementsfor the annulusinlet are less sensitiveto _, hence thr._
maneuverpotentialfor this conceptwas examinedfor _ ;_80 and 200. With a W/A of
750 poundsper squarefeet at M = 4, the valuesof an for _ = 8° were about 15 at
40,000feet and about 2 at 80,000feet. For _ = 200, these values increasedto about
33 and 5 for altitudesof 40,000 feet and 80,000feet. The generalconclusionis that
this concept,with high M capabilityand satisfactorywing geometry,is well suited
for missions in the moderateto high altituderegimesand, of course,would have even
greatermaneuw.rcapabilityif used at lower altitudes.

Other studiesof a wing controlmissilewith relativelylarge wing surfaces
(ref. 46) have indicatedthe capabilityof performingthe dogfighttype role of

!' approximately40 to 50 g's near 30,000 feet at Mach numbersof about 3 and abilityto
performwell at altitudesup to about 70,000feet againstmaneuveringtargets.

_ Hin_g_e_momentcharacteristics.- Hinge-momentmeasurementshave been made on some
i:- of the'contro_s-E_r'f-a'ce_st-hYth-a_v-ebeen discussed. Typicalhinge-momentcharacteristics
1 as a functiorJof (.xand {_ in the supersonicspeed range are shown in figure 17.

i!i Such resultshave been obtainedwith forward-tailcontrols,mid or wing controls,and

aft-tailcontrols. Desirablecharacteristicsthat have been noted are low valuesof
Ch in the normal operating ,_ range that translatedirectlyinto low torsional
moments requiredto actuatethe controls. Such characteristicsshould resultin

)_ fa_ter responsetime to controldeflectionand could potentiallypermitsmaller,
_;: lighter,less expensive,and more reliablecontrolactuators. Studieshave indicated
il_ that these desirablehinge_momentcharacteristicsare obtainedby carefullytailoring
; the surfaceplanfonl_and by proper locationof the controlin the local flow field.

i
_, Observationsrelatedto cruisemissiles.- Three types of cruisemissilesare
!i iIIustr_a-te--cF_n-"{ig-uYe-_."-7_(i-ru-i-s_e-wn-Ts's-i_-iSconsidered to be a missiIe that is

requiredto supportit_ own weight in power-sustainedlevel fliqhtover a portionof

i Its mission. Such thingsas distanceand altitudeof flightare functionsof the
requiredmi,_sion.The smallestof the three illustratedis an anti-tankconceptand,
in order for it to be visiblein the sketch,it is shown at a relativescale twice

i that of th_ sho_t-and long-rangeconcepts. Althoughanti-tankmissilesmay not appear

00000001-TSA09



appropriateto th_ cruiseclass of missile,when a typicalmissionof about 6500 feet
range at an altitudeof 3 to 6 feet is considered,it shouldbe ap,._;_rentthat the
cruise requirementix quite demanding, Unpublish_dresultsfor th_ anti-tankconcept
at M _ 0,5 indicateda trimmedlift-to-dragrati()of about 3 which a(}uldpermit
relativelyheavy weightsto be supp()rtedwith low thrust. This l}()rformancewas
obtainedlJymaking use of a large,high asp(;(:trati(}wing to pradu(:ethe lift r(._quired

i to supportthe wei._lhtand to offset the dra.qof the blunt f_rehody. A small (:anard
surfacewa._used to off;_etthe moment producedby the largewing.

The short-rangecruise-missileconceptmakes use af a fairly large volume body,
a monoplanartrapezoidalwing, and trihedraltail. Unpublishedresultsindicategood
aerodynamiccharacteristicswith a geometricarrangementthat providesfor ease of
storageand launch,and sufficientvolume for the necessaryinternalsystemsto
deliverwarheadson the order of 1000 pounds for rangesof about 25 miles.

The long-rangecruise-missileconcept (ref.50) employsa more efficientswept,
monoplanarwing and an increasein size, both of which contributeto longerrange
capability. Some resultsfor a conceptof this 'typeare illustratedin figure 19.
These resultsindicatea high drag.riseMach numberof about 0.95 that is achieved
throughcarefulattentionto the componentarrangementsuch that the transonicarea
distributionis essentiallyparabolicwith the maximumcross-sectionalarea occurring
at midbody length. Such an area distributionis theoreticallyoptimumfor minimizing
the transonicdrag rise. In addition,becauseof an inherentpositivevalue of Cm
at zero lift, the resultsindicatedthat the pitchingmoment can be trimmedwith
- 0o at a lift coefficientfor which the lift-to-dragratio was maximum.

Considerationof these aerodynamiccharacteristicsindicatesthat a conceptof this
type can delivera warheadon the order of 2200 poundsfor rangesof 100 to 20{)miles.

Hj]_ersonicairbreathin_missiles.-.For the past severalyears, tacticaland
strategichypersonicairbreathingmissileconceptshave been under study at Langley.
These conceptualmissilestudiesindicatethat hypersonicairbreathingmissileshave
a unique potentialfor combiningspeed,range,and maneuverabilityin a relatively
light-weightvehicle. These attributes,which are advantageousfor both tactical
and strategicmissions,are achievedthroughthe carefulintegrationof the propulsion
systemwith the airframeand the synergisticcouplingof aerodyna_'c, propulsion,and
structuraldisciplines. The evolutionof tacticaland strategichypersonicmissile
conceptsunder study at Langleyis included in reference66 and a drawingof one of
the conceptsis shown in figure20.

CONCLUDINGREMARKS

A reviewof many missileconfigurationinvestigationscoupledwith the numerous
possiblemissionrequirementsindicatecthat some fundamentalconsiderationscan lead
to definiteareas of missile/missioncompatibilitythat is more of a sciencethan an
art. For example,a winglessmissileor a _issilewith relativelysmall wings may
take advantageof low minimumdrag and accomplishmission_where fast fly-outtime is
important, Such missiles,however,are generallynot satisfactoryfrom a maneuver-
ability standpointexcept under conditionsof relativelylow altitudeand/or high speed,
or when nearly ballisticfly-outpaths can be used againstessentiallynon-maneuvering
targets.
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When high nlaneuverabilityis r_'quirL'dat any altltud(,(}rf{}rhi(.lhaltitude inter-
cepti_)nof evasive tar(lets,an effici_nt lii'tingsurfa(:(.,,i,_;advanca_le(_ustogether with
linear _tability charact(;risticsand high (:(mtr(}__ffuctiv(._n(m:';,It ha_ been Found that
these criteria can be met wIth vari()u,_de,_ignarran(lemen__that may employ aft tail,
wing, or canard contr_Is. It ha_,al._,t)beL,n Found that, throu.(lhc;._r(:i'ul(l(_,_i(j_,each
of thes()control tyl)e_can result in desirably 'lowhing()-m()mentcharacLeristi_:_.

Carefully de_igned wing c(_ntr_)lmissil(_,smay provide adecluatL,maneuv(:rabiIity
at relatively low angle.:;of'attack for some missi()nswhile,uffering poteni,ial
advantages related to se(_ker_,air inlets, and induced flow f_i()Id:_.

Cruise missile configurations vary somewhat in detail hut the duii_,inantfactor is
an aerodynamically efficient design that is commensurate with the required weight and
the desired range.
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